In this paper, we have proposed the spiron equation of free and non-free photon, and give the spin operator and spin wave function of photon. We calculate the helicity of photon and prove there are left-handed and right-handed photon. By the spiron equation of non-free photon, we can study the quantum property of photon in medium, which can be used in quantum optics, photonic crystals and so on.
Introduction
Maxwell has unified the laws of electricity and magnetism in a consistent way into a set of four equations, and he calculated the speed of electromagnetic waves and found that it was 300, 000km/sec, which was the same of light. This forced Maxwell to ponder about the nature of light: he concluded that light is a form of electromagnetic wave. For the explanation the spectra of black-body radiation, Planck firstly proposed that emission of black-body was energy quantization with value of ω, and he introduced the Planck constant [1] . In photoelectric effect experiment, Einstein only considered the energy conservation and made use of Planck's ω to propose a quanta concept of light [2] , and successfully explaining photoelectric effect phenomena, It was the beginning of Quantum Physics.
Despite claims that massless particles cannot be localized in space-time [3, 4] , physicists have pondered over the problem of photon localization and the related problem of the photon wave * E-mail: wuxy2066@163.com function for almost 80 years now, beginning with the work of Landau and Peierls [5] . An extensive review of the photon localization problem was presented by Keller [6] . The problem of photon localization is closely related to the widely studied problem of the photon position operator. Quantum optics has long struggled to define a quantum wavefunction for photons that would be in agreement with innumerable experiments revealing the possibility of photon localization. The photon wave function appears in both of these descriptions and that it provides a very convenient concept to unify the two points of view. A very useful mathematical tool in this analysis is the RiemannSilberstein vector [7] [8] [9] [10] [11] . Applications of the RS vector to many physical problems were reviewed in a very thorough paper by Keller [6] .
After Dirac discovered the relativistic equation for a particle with spin 1/2 [12] , much work was done to study spinor and vectors within the Lorentz group theory. Any quantity which transforms linearly under Lorentz transformations is a spinor. For that reason spinor quantities are considered as fundamental in quantum field theory and basic equations for such quantities should be written in a spinor form. A spinor formulation of Maxwell equations was studied by Laporte and Uhlenbeck [13] , also see Rumer [14] . In 1931, Oppenheimer [15] proposed to consider the Maxwell theory of electromagnetism as the wave mechanics of the photon. They introduced a complex 3-vector wave function satisfying the massless Dirac-like equations. In this paper, we shall give the relativistic spinor equation for photon with spin 1 and mass 0.
Relativistic spinor equation of free photon
Dirac derived the Dirac equation by factorizing Einstein's dispersion relation such that the field equation becomes the first order in time derivative [16] . Namely, he factorized the relativistic dispersion relation employing four by four matrices
where α and β are Dirac matrices. For a photon, mass m 0 = 0, equation (1) becomes
i.e.,
canonical quantization equation (3), we have
where the photon's Hamiltonian operator H = −ic α · ▽, and ψ is spiron wavefunction of photon.
For the proper Lorentz group L p , the irreducibility representations of spin 1 photon is D 10 , D 01 and
2 , respectively, and the dimension of irreducibility representations are corresponding to three, three and four. We choose photon's spiron wave function as the basis vector of three dimension irreducibility representations, it is
and α matrices are taken as
they are Hermitian matrices
and photon's Hamiltonian operator is Hermitian
The spin operators of photon
In the following, we shall prove the selection of α matrices are reasonable, they confirm that equation (4) is photon's spiron equation of spin 1. equation (4) can be written as
where
The orbital angular momentum of photon satisfy
the equation (12) is shown that the orbital angular momentum of photon isn't conservation, but the total angular momentum of free photon should be conservative. So, photon should have an intrinsic angular momentum, i.e., spin angular momentum s, the total angular momentum of photon J is
and J is conservative
with equations (12) and (14), we have
there are commutation relations
it is easy to summarize that
with equation (18), we can calculate the s matrices, let the s x matrix is
with the commutation relation
we get
let the s y matrix is
let the s z matrix is 
In the following, we should calculate the eigenvalues of s x , s y , s z .
The s x eigenvalue problem
therefore the characteristic equation is
when a = 0, the roots λ 1 are
the s y eigenvalue problem
when b = 0, the roots λ 2 are
the s z eigenvalue problem
when c = 0, the roots λ 3 are λ 3 = ± .
By calculation, we obtain the spin matrices of photon, they are 
Obviously, these matrices are photon's spin matrices, which describe the spin s = 1. On the one hand, their eigenvalues are ± . On the other hand, the matrices square is 
i.e., the spin s is s = 1.
Comparing (6) with (41), we find
The helicity of photon
By studying the helicity of photon, we can obtain the photon left-handed and right-handed. The helicity is defined as the projection of spin in the momentum direction, it is
and
the roots λ are
and the helicity h are
When λ = +1 the photon is called right-handed photon, and when λ = −1 the photon is called left-handed photon.
The probability conservation equation of photon
In the following, we should give the probability density and probability conservation equation of photon.
The hermitian conjugate of (4) is
multiplying (52) by ψ, there is
multiplying (4) by ψ + , there is
taking the difference, we get
i.e., ∂ρ ∂t
are the probability and probability current density of photon, respectively.
The plane wave of free photon
We have the spiron equation of free photon
since ∂H ∂t = 0 and [ p, H] = 0, the energy E and momentum p of photon are conserved quantity. Their common eigenstate is
substituting equations (61) and (62) into (59), we have
and expanding (64), we get
or
the roots E are
From equations (67) and (68), we have
taking the difference of equations (71) and (72), we get
substituting (74) into (66), there is
by (74) and (75), we have
the u(p) can be written as
where N is normalization constant, it can be obtained by the normalization
then
The plane wave solution of free photon is
7 The spin wave function of photon
From equations (41) and (42), we can find s 2 commute with s x , s y and s z , we should calculate the common eigenstate of s 2 and s z , they are
where the common eigenstate (χ µ ) T = (ϕ 1 , ϕ 2 , ϕ 3 ), the equation (83) can be written as
the roots µ are µ 1 = 0, µ 2 = 1,
substituting µ 1 = 0 into (84), we get −iϕ 2 = 0
i.e., ϕ 1 = ϕ 2 = 0, ϕ 3 = 0,
the normalization spin wave function is
substituting µ 2 = 1 into (84), we get
we can take
substituting µ 3 = −1 into (84), we get
and these spin wave functions satisfy the normalization condition
The spiron wave equation of non-free photon
In view of the above, we have given the spiron wave equation of free photon. In the following, we should give the spiron wave equation of non-free photon.
For the non-free particle, the Einstein's dispersion relation is
